Introduction
O N JULY 7, 19~7, Egas Moniz reported to the Paris Neuro!ogical Society on his researches on arterial encephalography" and its importance in the localization of cerebral tumors. Thereafter, cerebral angiography was used extensively in European countries for diagnosis of tumors, arteriovenous malformations, aneurysms, hematomas, and other lesions. By the year 1934, complications of cerebral angiography were reported by Bodechtel and Wichmann, and in 1938 by Ekstr~m and Lindgren. In North America, the first reports on angiography were made by Turnbull '39, Gross '41, and by List and his co-workers '45. A brief history and survey of the literature oi early angiography can be found in Wickbom's 1948 monograph.
Carotid angiography was first performed by exposing the carotid artery in the neck and using temporary ligation. Later the temporary ligation was avoided. The percutaneous method of puncture which contributed to the popularity of angiography was introduced by Loman and Myerson '36 and by Shimidzu '37. Vertebral angiography was done by Moniz et al. ' 33 by inSupported by the National Institute of Neurological Disease and Blindness of the United States Public Health Service through grants to the Cooperative Study of Intracranial Aneurysms and Subarachnoid Hemorrhage. For names of investigators and centers participating in this inter-institutional project, see "Contributors and Centers" listed in Section I of the report by Sahs et al. in Journal of Neurosurgery, 1966, 24:779-781. * Central Registry of the Cooperative Study, and Division of Neurosurgery, University of Iowa. Iowa City, Iowa.
jecting the subclavian artery. An open method was described by SjSqvist in 1938, and used until percutaneous puncture of the vertebral artery was perfected and described in 1940 by Takahashi.
The contrast media have also changed. Moniz '40 started with 70 per cent strontium bromide; later ~5 per cent sodium iodide, and subsequently, ~5 per cent collodial thorium dioxide (Thorotrast) were used. This latter substance produced good contrast, mixed well with blood, and had no irritating effects during injection. However, in large doses, it caused damage through mechanical action, as it was occasionally retained in the arterioles and capillaries of the brain (EkstrSm and Lindgren '38) . Damage due to the radioactivity of the substance and its retention in the reticuloendothelial system was also reported. Thorotrast was then replaced by a water-soluble medium excreted through the kidneys. This medium, which was known by several names, e.g. Diodrast, Umbradil, Diodone, and Perabrodil, contained about 50 per cent iodine in a 35 per cent solution. Other media introduced subsequently and which have been used extensively are Hypaque, Urokon, Conray, Renovist, and Renografin.
One of the greatest values of angiography lies in confirming the diagnosis of cerebral aneurysm or arteriovenous malformation. Before angiography, only rarely was an aneurysm localized. The first aneurysms of the internal carotid artery were angiographically visualized by Moniz in 1933, and Dott in 1933 , and the first aneurysm of the anterior communicating artery, by TSnnis in 1936. 98 Therc are few reports in the literature on the accuracy of carotid angiography in the diagnosis and localization of aneurysms, and particularly on the incidence of false positive and false negative findings. A number of factors are known to affect visualization of aneurysms, such as vascular spasm or technical factors related to injections.
At times, a bulging or an infundibular widening of the carotid wall may be difficult to differentiate from an aneurysm (Fox et al. '64) . This widening usually occurs in the carotid artery at the origin of the posterior communicating, the anterior choroidal, or ophthalmic arteries. In a survey of 1,020 normal angiograms (Hassler and Saltzman '63) , this bulging of the wall of the carotid at the origin of the posterior communicating artery occurred in 6.5 per cent. This defect was found with increasing frequency as age increased; it occurred twice as often in the eighth decade as in the fourth. Sahs '66 reported on the histologic appearance of the infundibular widenings and concluded that some but not all fulfilled the criteria for small aneurysms.
Reports on complications of angiography are numerous and have been related to sensitivity of the patient to the contrast material, toxicity of the contrast material, technical accidents or disturbances of cerebral blood circulation. These complications were usually transitory, occasionally permanent, and rarely fatal. The majority of them occurred during or shortly after the procedure.
Moniz '40 reported a 2.6 per cent mortality in 150 patients when sodium iodide was used as a contrast medium and a 1.3 per cent mortality in 448 patients after angiography with Thorotrast. He described a number of complications which he ascribed to the formation of dissecting aneurysms in the carotid wall resulting from faulty puncture and injection. These subintimal injections are still considered by some as the main cause of complications (Rowbotham et al. '53; Pribrain '65) .
Curtis '50, reviewing 720 angiograms in 346 patients, described three transitory complications due to sensitivity of the patient to Diodrast, and one instance of renal damage leading to fatal anuria in a patient with chronic nephritis. Elevation of blood pressure was noticed in eight patients, and four patients had convulsions within a few minutes after injection. Dunsmore et al. '51 , also using Diodrast, had a complication rate of l0 per cent and a death rate of 2.7 per cent in a series of 108 patients. They found a direct relationship between the incidence of complications and the age of the patient. The older patients slaowed a greater tendency towards thrombosis and impaired cerebral circulation. Kaplan and Walker '54, reported a mortality of 0.8 per cent directly related to angiography, and a complication rate of 4.6 per cent. They found complications twice as often in patients over 50 years and felt that vascular disease was a predisposing factor. They believed that angiography carried out within hours of a cerebral vascular accident entailed greater risk than one performed after the initial shock had subsided. They postulated that the primary insult was associated with varying degrees of vascular spasm and slowed cerebral circulation, and recommended waiting 9 to 10 days after rupture of an aneurysm before performing angiography.
Coddon and Kriegcr '58, reporting on 546 angiograms in 483 patients, had a complication rate of 19 per cent and a death rate of 1.7 per cent. The complications, not influenced by age, were three times as common under general anesthesia as under local anesthesia. There was no obvious relationship between hypertension and the occurrence of complications. One-fourth of the patients with aneurysms suffered serious complications. They related such complications to depression of consciousness and progression of neurologic signs and symptoms.
After the introduction of Hypaque, Brendlet and Hayes '59, reported no deaths and no permanent complications in 607 anglograms. They had a small number of transient complications and preferred to limit the use of angiography to patients below the age of 50 without significant cerebral arteriosclerosis. According to Lindner et al. '6~ , angiography in patients with vascular insufficiency entailed an increased risk, with an incidence of complications ten times as high as in brain tumors. Feild et al. '62, reported a mortality incidence of 0.34 per cent in 2,000 patients; the fatalities occurred in patients with subarachnoid hemorrhage and other cerebrovascular diseases. Complica-tions of vertebral angiography were reported by Sugar and Bucy '54, and were found mainly in patients with arteriosclerosis of the vertebral basilar system.
Cerebral angiography following surgical treatment of intracranial aneurysm has also been reported. Mount and Taverns '56 discussed the results of angiography carried out 10 days to 17 months after carotid ligation and reported no complications following injections made below or above the clamp occluding the carotid artery or after injection on the opposite side. Morris '63, reported that in 17 of ~9 cases of carotid ligation the carotid artery could be punctured directly on the ligated side. Injection of the contralateral internal carotid did not fill the carotid siphon on the ligated side. Allcock and Drake '63 reported on 70 patients on whom angiography was carried out 7 to 10 days after intracranial operation, and found successful occlusion of the aneurysm by clips in 57 instances. The presence of arterial spasm after operation was a particularly noteworthy finding. Eleven patients showed spasm only in the postoperative studies. They reported no evidence of deterioration in any patient's condition as a result of postoperative angiography. They felt that arterial spasm was the main cause of postoperative morbidity and mortality in otherwise technically satisfactory cases.
Statistical Considerations
Each statistical table must be considered on its own merit. While all tables are based upon the cases reported to the Cooperative Study, the specific segment of patients eligible for the analysis of one variable may be slightly or markedly different from the segment analyzed for some other variable. This is the principal reason for variations in the total number of patients studied from one table to another. All analyses depend upon the coded data available from the protocols. There are instances in which a given patient or study may not be counted for lack of information.
In view of the fact that multiple variables have not been separately analyzed within e~ch tabulation, attempts to apply a chisquare test is unwarranted.
Incidence of Carotid and Vertebral Angiography
From the ~4 reporting centers, 7,938 angiographic studies were performed on 5,484 patients. These were done in one or in multiple sessions and represent combinations of carotid and/or vertebral visualizations. Eighty-six per cent of all patients reported to the Study had some type of angiography. The incidence of angiography in the various centers ranged from 48 to 99 per cent. Eight hundred eighty-four (884) patients had no angiographic studies. They represent 14 per cent of the total number of cases (6,368) in the Study. These patients died before studies could be done, were too ill for angiography, refused consent for angiography, or were not advised to have such studies. Table 27 compares the extent of angiography carried out in the various centers. Unilateral carotid angiography was done in 37 to 84 per cent of studied patients while bilateral carotid and vertebral angiography was done in 8 to 57 per cent of studied patients.
Seventy per cent of all patients studied had unilateral or bilateral carotid angiography and ~4 per cent had bilateral carotid and vertebral angiography. The remaining 6 per cent had other types of studies (brachial, etc.) .
When the angiographic findings confirmed the localizing clinical signs, unilateral carotid angiography was often considered satisfactory in the presence of neoplasm and intracerebral hemorrhage. Other reasons for unilateral carotid angiography only were intervening complications and death of the patient, plus some naivete concerning the adequacy of unilateral studies for aneurysm diagnosis in the early phase of the Study.
Number of Angiographic Studies
Total: 7,9~3 Initial studies: 5,179 Subsequent studies: 1,938 Postoperative studies: 56~ Not specified: ~54 After the first recognized subarachnoid hemorrhage, 5,~58 patients were admitted to the Study. Of these, ~,961 (56 per cent) had bilateral carotid angiography as the initial study. When the initial studies were not satisfactory or failed to explain the patient's condition, subsequent studies were done in approximately one-third of the patients.
Type of Anesthesia Local anesthesia: 6,081 angiographic studies (79 per cent) General anesthesia: 1,668 studies (r per cent) Total: 7,749 studies The type of anesthesia was not specified in 184 studies. Perhaps no anesthesia was necessary.
Premedication consisted mostly of barbiturates, atropine, or scopolamine, and less frequently of analgesics.
Contrast Material Used
Hypaque: 6,453 studies (86 per cent) Diodrast: 71 studies Thorotrast: 87 studies Other: (Urokon, Renovist, Renografin, Conray) 970 studies Total: 7,531 studies In 404 studies the contrast material was not named in the protocol.
Number of Injections and Volume of Injected Contrast Material
The number of injections and volume of contrast material injected in 5,5~7 studies are shown in Table ~8 . 
Clinical State of Patient
Prior to Angiography
In the 6,538 studies for which the patient's state of responsiveness was coded, the patients were reported as alert in 5,~, responsive to noxious stimuli only in 963, and unresponsive in 348 instances. In 1,699 studies the patients had a prediagnostic hemiparesis.
Angiographic Diagnosis
The effectiveness of angiography in the diagnosis of aneurysm can best be evaluated in relation to the following questions:
1. Is there a relationship between the frequency of single or multiple aneurysm diagnosis and the extent of angiographic studies?
~. Is there a difference in the incidence of single and multiple aneurysms discovered by angiography and by autopsy? 3. When initial angiographic studies are negative, how often are aneurysms visualized by subsequent studies?
4. How often are aneurysms discovered at autopsy which were missed in angiographic studies? Table 29 shows that aneurysms were diagnosed in 45 per cent of patients with unilateral carotid angiograms and in 67 per cent of patients with bilateral carotid studies. The incidence of positive studies for aneurysm is lower (42 per cent) in three-or four-vessel angiography than in bilateral carotid studies suggesting that in many cases the vertebralbasilar system was visualized only because bilateral carotid studies failed to demonstrate an aneurysm. Unless three-or four-vessel angiography is done routinely in all patients it is not possible to study accurately the relation between diagnosis of aneurysm or arteriovenous anomaly and the completeness of angiography.*
The incidence of one-, two-or three-vessel studies negative and positive for aneurysm are analyzed for each center in Table 80 . The highest rate of negative studies was obtained by the center (03) with the highest rate of unilateral carotid angiography, but the second, fourth, and fifth highest rates of negative studies occurred in centers (08, 06, and 11) in which three-vessel studies were most frequently performed. The highest rate of positive studies was obtained by a center (09, 10 complex) with a high rate of unilateral carotid angiography. This suggests only that the patient population of Center 03 for example has very different characteristics from that of Center 09, 10; it may comprise a large number of hypertensive hemorrhages, while the patients studied in Center 09, 10 may have been preselected before angiography. (See Table 4 , Section II). Table 31 compares the extent of angiogra. phy with the number of aneurysms diag nosed in the various centers. There is no clear correlation between diagnosis of multiple aneurysms and the number of vessels visualized. Although the second highest incidence of multiple aneurysms was found in the center (06) with the highest frequency of three-vessel angiography, the highest, the third-and fourth-highest rates of multiple aneurysms were found in centers with below average performance of three-vessel angiog-* In the selected group of patients studied by routine four-vessel angiography by af BjSrkesten and Halonen '65, no comparison is made of the individual results of one-, two-or three-vessel studies. raphy (20, 09, 10, 19) . Two centers (08 and 18) have 15 per cent of multiple aneurysms, one with the highest percentage of two-and three-vessel studies, the other with a much lower percentage of two-and three-vessel studies.
Had bilateral carotid and vertebral studies been done as a routine initial procedure in all cases of subarachnoid hemorrhage, then one might be able to assess their relative value in the diagnosis of aneurysms, the tolerance of the patient to such studies, and the relation and sequence of complications to the vessel injected or visualized.
In Table 32 , the incidence of single and multiple aneurysms, as disclosed by angiography, is compared to that found by autopsies in 888 aneurysm cases. The relation between angiography and autopsy diagnosis is close, but there is a slightly higher incidence of multiple aneurysms (22 per cent) in autopsies than after various types of angiographic studies (19 per cent).
Timing of Angiography
The question has frequently been raised as to whether there is any relationship between the visualization of aneurysms and the time intervals between subarachnoid hemorrhage and angiography. An attempt has been made to answer this question by analyzing all cases of subarachnoid hemorrhage which had bilateral carotid angiography done as the initial study. Of the total of 2,961 initial bilateral carotid studies done at various intervals after the bleeding episode, 1,586 studies were positive for aneurysm (54 per cent). Angiography was carried out within 24 hours of the subarachnoid hemorrhage in 25 per cent of patients and yielded 23 per cent of the aneurysms. Seventy-five per cent of cases had the same studies performed during the first week after hemorrhage and yielded 75 per cent of the aneurysms. In the second week, an additional 15 per cent of cases had diagnostic studies with a yield of 16 per cent. Thus, the percentage yield of positive studies was within+ 1 per cent whether the studies were done within 24 hours, 7 days, or 2 weeks after hemorrhage.
It is noted in Table 33 that, for any given interval between subarachnoid hemorrhage and bilateral carotid angiography, the variation in incidence of positive studies fluctuates from day to day and from week to week. However, the incidence of positive studies is definitely higher on the 7th, 8th, and 9th days than on the first three days after hemorrhage and 10 per cent higher on the 7th day than on the 1st day. It seems likely that the figures reflect the operation of two factors which are not separable viz. real variations in the effectiveness of angiography and qualitative changes in the patient population.
The studies failed to demonstrate an aneurysm in 1,$75 cases but visualized an arteriovenous anomaly in 1~4 instances. Thus, the origin of the hemorrhage remained unexplained in 1,s cases. Further carotid angiography was performed in ~07 of these latter cases and revealed an aneurysm of the anterior circle in 47 cases (~3 per cent) presumably undetected at the first bilateral study. This represents a minimum of 3.8 per cent (47/1~51) false negatives.
A comparison of this figure for false negatives with autopsy findings is of interest. Of the remaining 1,044 cases with negative ini- x Abbreviation for subarachnoid hemorrhage. * 10-4 had A-V anomalies.
In the group whose initial bilateral and subsequent carotid angiography were negative, 7 later came to autopsy and no aneurysms of the carotid system were identified. Comparison of the incidence of aneurysms found at autopsy (10.4 per cent) with that of aneurysms found on the second round of carotid angiography (23 per cent) after negative initial studies suggests that in the latter eases there may have been, in many of them, a clinical suspicion of aneurysm on the first round which led to repeat angiography for confirmation.
If we assume that the initial bilateral carotid angiography was earefully and reasonably completely performed and interpreted with an experienced eye, other possible explanations for the false negative cases may be either thrombosis of the aneurysm, spasm of the parent vessel, or technical difficulties. One might inquire whether the timing of initial angiography in relation to the subaraehnoid hemorrhage played any significant role in the false negatives. Such an analysis was made and showed no significant correlation.
It would be proper to inquire also about false positive angiographie diagnosis, but the angiography protocols do not provide a means for analyzing this question.
Angiographic Evidence of Vascular Spasm
Arterial spasm was recorded in only 12 per cent of studies in patients with proven aneurysms and subarachnoid hemorrhage. On reviewing photographs accompanying angiographic fascicles in a random sample of all protocols, it was found that spasm was frequently not coded even though the photographs showed evidence of spasm. Therefore, this figure of 12 per cent is too low and unreliable.
Complications of Angiography
Complications may be divided into local, systemic, and neurologic. The local complications arise at the site of vessel puncture and are directly related to the technique of puncture and injection of contrast material. The systemic complications may reflect toxicity of the contrast material or hypersensitivity of the patient. The more serious complications are those arising from the central nervous system and arc represented by new abnornml neurologic signs of symptoms or by aggravation of previously existing signs or symptoms. The following types of complications have been described in the protocols. Any of these complications may have arisen alone or in combination, and they may have been temporary or permanent, immediate or delayed. 
Local Complications

Incidence of Complications
In a series of 7,165 angiographic studies, complications were reported in 461, representing a gross incidence of 6.43 per cent (Table 34) . Some centers reported a high rate of complications (e.g. Center 19 with 15.5 per cent, including cervical hcmatomas of various sizes, transient pupillary changes, transient changes in blood pressure, pulse and respiratory rate). It can be suspected that the centers with low incidence of complications reported only major complications.
If the complications are tabulated accord- ing to the year in which the studies were done (Table 35) , the incidence was higher in the first four years (1956) (1957) (1958) (1959) than in the following five years. Complications occurred in 416 of 7,117 studies (5.8 per cent) or in 398 among 5,239 patients (7.4 per cent).
Analysis of 7,938 angiographic studies which included postoperative as well as initial and subsequent studies revealed a total of 601 studies coded as having immediate or delayed complications (Table 86 ). This represents an overall incidence of 7.6 per cent. Seventy-two per cent of complications were immediate and 28 per cent were delayed. Recurrent subarachnoid hemorrhage occurred in 67 cases during or after angiography. It is debatable whether rebleeding in a patient who has already bled in the past from an aneurysm or an A-V malformation is a complication of angiography or part of the natural course of the disease. Therefore it is vulsions. It is of interest therefore that in this Study there were 6~3 angiograms in non-bleeding patients with aneurysm or A-V anomaly and only one was followed by subarachnoid hemorrhage.
Comparison of complications from initial, subsequent, and postoperative studies shows a higher incidence related to the subsequent studies (Table 36) . No explanation for this phenomenon is apparent.
When complications in patients with previous subarachnoid hemorrhage are compared to those in patients with no known hemorrhage (Table 37) there is a greater incidence of complication in the presence of hemorrhage, 7.6 per cent against 5.9 per cent.
Of the patients studied angiographically after their first bleeding episode, those patients who had neither aneurysm nor arteriovenous anomaly had a lower complication rate than those who had an aneurysm (Table  38 ). The complication rate was lower when angiography was performed within three days of subarachnoid hemorrhage. This is true for subarachnoid hemorrhage of all major causes. A separate study of three complications, e.g., transitory and permanent hcmiparesis and convulsions, showed the same trend. For the first five days the rate for these complications was ~.1 per cent but was 4.4 per cent from the sixth to the fifteenth day. This higher rate of serious corn- plications may be related to a delayed period of vascular spasm, impaired cerebral circulation and cerebral edema after subarachnoid hemorrhage. Analysis of initial unilateral or bilateral carotid studies after first subarachnoid hemorrhage shows a complication rate of 9.~ per cent for right carotid, 9.8 per cent for left carotid angiography alone, while it is 6.4 per cent for a larger number of bilateral carotid angiograms (Table 39 ). This suggests that when a complication arose after unilateral angiography such studies were not continued on the opposite side, although unilateral angiography may also have been performed electively when localizing signs were present, when the general condition of the patient was poor, or as a planned two-stage procedure.
Complications and Age
The relation of age and complications is shown in Table 40 . This analysis is based upon 6,745 angiographic studies performed on patients who had subarachnoid hemorrhage either from ruptured aneurysms, from A-V anomalies or from some other cause. Complications were more frequent with advancing age among the patients with ruptured ancurysms.
Complications and Contrast Material
Most angiographic studies (86 per cent) were done with Hypaque, while only a small percentage of studies were carried out with other contrast media. The number of cases done with media other than Hypaque is so small as to make comparisons impractical. In Table 41 , the incidence and nature of angiographic complications are compared with the number of injections of contrast medium. The complication rate was highest in the patients who had had one injection of contrast medium. This suggests that complications most likely occurred after the first injection and that the study was then discontinued. The two largest groups of studies requiring four and six injections were accompanied by the lowest complication rate.
Analysis of the types of angiographic complications in relation to the amount of contrast medium injected during angiography is shown in Table 4~ . The incidence of complications is high in the group with less than ~0 cc., probably reflecting the high complication rate of the first injection as shown in the previous table. The complication rate jumps from 6.~ per cent to 9.0 per cent when 60 cc. or more material is injected. The incidence of transient and permanent hemiparesis is lowest in the group receiving ~1 to 40 cc. of contrast medium.
Complications and Anesthesia
According to Table 43 the incidence of complications was higher in the patients who had angiography under general anesthesia (8.~ per cent) as compared to those studied under local anesthesia (5.7 per cent). It is possible that a number of patient factors may have affected these complication rates. Recurrent hemorrhage occurred ~.4 times as often with general as with local anesthesia. Convulsions, on the other hand, were more frequent with local (0.6 per cent) than with general anesthesia (0.35 per cent).
Complications and Condition of Patient
The prior state of responsiveness was reported in 6,549 studies. There was surprisingly little difference in the overall complication rate whether the patient was alert, responsive to noxious stimuli only, or unresponsive (Table 44) .
Permanent hemiparesis constituted 8 per cent of the complications in alert patients, 7 per cent in poorly responsive and unresponsive patients. The incidence of transient hemiparesis was much lower in patients with depressed consciousness, possibly because these changes were difficult to recognize. It is also interesting to note that the incidence of convulsions was relatively higher in a patient responsive to noxious stimuli only than in the alert patient. There were no convulsions in unresponsive patients.
An attempt was made to correlate possible etiologic factors which may have been responsible for some of the complications of angiography. However, the design of the protocol on angiography does not allow analysis of many responsible etiologic factors, such as vascular spasm, partial or complete obliteration of the injected artery by faulty injection technique, arterial thrombosis, or embolization. Cardiovascular changes cannot be assessed. Occasional marked drop in blood pressure, "obvious hypoxia," "allergic manifestations," and vascular spasm were thought responsible for some complications. It is not possible to state that any one possible etiologic factor was responsible for a complication but only that one was associated with the other. Thus, a serious drop in blood pressure was associated with angiographic complications in 64 studies, "obvious hypoxia" in ~3 studies, "allergic manifestations" in 41 studies, and vascular spasm in 64 studies. More than one etiologic factor may have been present when a given complication occurred.
Complications of Vertebral Angiography
The incidence of complications following vertebral angiography was 4.1 per cent which is lower than for carotid angiography. It may well be possible that very ill patients were not subjected to vertebral angiography and had carotid studies alone. However, it appears that the overall risk of complications is not appreciably increased when vertebral angiography is added to carotid studies ( Table 45 ). The complications included four large neck hematomas, including a hemothorax. The complications of direct vertebral angiography alone included only two temporary hemipareses; none was permanent. Other complications included convulsions in one, temporary blindness in two, transient facial paresis in three cases. Two patients became apncic when punctured and recovered as soon as the cannula was removed from the vessel.
The complications of retrograde studies included permanent hemiparesis in one, convulsions in two, visual loss in one, respiratory disturbances in four, drops in blood pressure in four, and auricular fibrillation in one.
Postoperative Angiography There were 563 postoperative angiographic studies performed on patients with aneurysms or A-V malformations. Complications occurred in 33 studies, representing an incidence of 4.1 per cent (Table 36) .
Postoperative angiography was obtained in 386 patients (31 per cent) out of 1,845 aneurysm cases treated by intracranial operation or carotid ligation (Table 46 ). As shown in Table 47 , the incidence of complications of postoperative angiography in patients with single aneurysms is 4.1 per cent after carotid ligation and 3.6 per cent after intracranial operation. However, in the small number of cases of multiple aneurysms (Table 48) , angiographic complications were more frequent after intracranial operation than after carotid ligation. Therefore, one may conclude that the type of surgical procedure performed does not influence appreciably the complication rate of postoperative angiography.
Mortality of Angiography
The incidence of fatal angiographic complications is difficult to assess because of the number of patients who subsequently were subjected to surgical procedures or subsesequently died of incidents which may be questionably or not at all related to angiography. Computer search of the 5,484 cases studied by angiography identified 97 cases which satisfied the following criteria:
1. Coded as having had a complication of angiography. 3. Died in the reporting hospital without These 97 case reports were then reviewed individually and 33 were rejected because there was no plausible relationship between study and death. The remaining 64 represent a mortality of 1.17 per cent. If one excludes from angiographic complications 19 cases of proven recurrent subarachnoid hemorrhage not necessarily attributable to the study, the mortality rate directly related to angiography is 0.8~ per cent. The conditions under which the 64 patients died are detailed briefly.
Eight patients were moribund prior to angiography. They were coded as having had complications by the reporting physicians because they deteriorated after the procedure. Of these:
1 died during the procedure, 1 died 5 minutes after completion of the procedure, 3 died within ~4 hours of tile angiogram, died 3 days later, 1 died 17 days later, having never regained consciousness Nineteen patients had a proven rebleeding episode and died. Of these:
7 bled during the procedure (in one instance, extravasation of contrast material out of the aneurysmal sac was seen in the films) 1~2 bled after completion of the study (from 10 minutes to ~4 hours)
One patient bled from an aneurysm for the first time ~ hours after angiography. He died within ~4 hours of the hemorrhage. Six patients became suddenly unresponsive during the procedure; they died from 1 to 18 days later. There was no specific information regarding rebleeding and it was apparently thought by the attending physicians that the patients had not rebled. Six patients developed a hemiplegia during angiography. All but one died within ~4 hours without showing any improvement in the paralysis. Three patients became hemiplegic after completion of the procedure. One of these patients was found at autopsy to have a thrombotic occlu-sion of the basilar artery (vertebral angiography had been done). The patients died 1, 6, and 9 days after angiography. Four patients developed a cervical hematoma requiring tracheostomy; all died within ~4 hours. One patient had a gross hematoma tracking down into the mediastinum. Four patients had convulsions during angiography. One patient aspirated and died the same day, while the others died from 1 to 3 days later. One patient became hypotensive during the procedure, then suddenly unresponsive 3 hours later. He died the same day. One patient died suddenly about 3 minutes after the second injection of contrast medium (Renografin). One patient suddenly became apneic and died 30 minutes after angiography. Eight patients progressively deteriorated following angiography. Two died on the same day and the remainder within 5 days. One was found at autopsy to have a related dissecting aneurysm of the common carotid artery. Two patients had angiography performed under general anesthesia. One was hemiplegic and aphasic on awakening; he progressively deteriorated and died 3 days later. The other failed to awaken from the procedure and died on the same day.
Postmortem examinations were performed in 37 of the 64 cases. Local findings at the site of carotid puncture were responsible for the death of two patients. One developed a gross hematoma which dissected downward into the mediastinum and died even though tracheostomy had been performed. The other developed a local dissecting aneurysm in the internal carotid artery. This patient had severe arteriosclerotic changes of the intracranial vessels, but had no aneurysm. He had a hemorrhage in the region of the left thalamus which had ruptured into the ventricle prior to angiography. No obvious infarction was noted. Three patients had intracranial arterial thrombosis with cerebral infarction and in 11 patients infarctions but no thrombosis were found on the side of angiography. The remaining ~1 patients had no gross evidence of cerebral infarction or thrombosis.
Summary From the analysis of 7,933 carotid and vertebral angiographic studies done on 5,484 patients the following data were obtained:
1. In the presence of subarachnoid hemorrhage an aneurysm was visualized in 54 per cent of initial bilateral carotid studies.
~. Multiple aneurysms were present in 19 per cent of angiographically diagnosed aneurysm cases.
3. The incidence of positive diagnosis of aneurysm was slightly higher when the studies were done within the ~nd week than during the first six days after hemorrhage.
4. A false negative diagnosis of aneurysm of the anterior portion of the circle of Willis was obtained in at least 3.8 per cent of initial bilateral carotid studies.
5. A clear relationship between extent of angiography (two-, three-, or four-vessel studies) and the diagnosis of aneurysm could not be established.
6. The overall complication rate of cerebral angiography (excluding rebleeding) was 7.6 per cent and the mortality rate 0.82 per cent.
7. The incidence of complications was higher in the presence of a ruptured aneurysm than in subarachnoid hemorrhage from other causes; it was lowest in patients with non-bleeding aneurysm or artcriovenous malformations.
8. Complications were more frequent during the ~nd and 3rd week after hemorrhage than during the 1st week.
9. Complications were more frequent with advancing age and when general anesthesia was used.
